A combination of two different methods for the synthesis of oligoribonucleotides, i.e. the two-step phosphotriester method with 2-chlorophenyl phosphate as bifunctional phosphate source and the modified triester method with 2,2,2-trichloroethyl 2-chlorophenyl phosphorochloridate as monofunctional phosphate source, is applied for the synthesis of the fully-protected hexaribonucleotide A-C-C-U-C-C. The two-step method is used for the synthesis of the required dinucleoside monophosphates 9, 10 and 11. Application of the modified triester method for the coupling of the oligonucleotide blocks results in the formation of the fully-protected hexamer 15. Furthermore, attention is paid to 2,4,6-triisopropylbenzenesulphonyl 4-nitroimidazolide as a new condensing agent for the coupling of larger oligonucleotide blocks.
INTRODUCTION
It is well recognised now that the 3'-terminus of 16S ribosomal RNA of E. coli is an important part of a functional site in the 30S ribosome 2-5 subunit . We therefore, in order to obtain a better understanding of 6 specific interactions of 16S rRNA with ribosomal proteins (S1 and IF3), decided to synthesise several oligoribonucleotides which are identical with or analogous to sequences occurring at the 3'-end of 16S rRNA of E. coli. Several methods have been developed for the synthesis of deoxy-oligo- [8] [9] [10] nucleotides by the modified triester approach . The main reasoning behind the developement of the modified approach to the synthesis of oligonucleotides is to overcome the formation of unwanted symmetrical products in the accepted two-step triester method, i.e. phosphorylation of a 3'-hydroxy function of a suitable protected nucleoside with a bifunctional phosphorylating agent (ROPOC12 or ROPO(OH)2 ) and subsequent coupling with a ryl, R'=-CH2CH2CN
. The combinations (a) and (b) showed to be less satisfactory due to side-reactions encountered in the unblocking of the 2,2,2- 8, 12 trichloroethyl group On the other hand, combination (c) seems to be very convenient for the synthesis of deoxy-oligonucleotides. The latter finding is the more surprising if we consider that the selective removal of R'=-CH2 CH2CN is only based on the difference in alkaline lability between R= p-chlorophenyl and R'= 2-cyanoethyl.
In a preliminary communication we introduced for the synthesis of deoxy-oligonucleotides via the modified triester method the monofunctional reagent 2,2,2-trichloroethyl 2-chlorophenyl phosphorochloridate (7) , and demonstrated that this reagent met all the requirements as formulated above.
We now wish to report that reagent 7 is equally well suitable for the synthesis of A-C-C-U-C-C. Furthermore attention will be paid to the use of 2,4,6-triisopropylbenzenesulphonyl 4-nitroimidazolide (8b), which will replace TPS (8a) as activating agent in the condensation of larger oligonucleotide blocks.
RESULTS AND DISCUSSION
The strategy we adopted for the synthesis of the fully-protected hexamer (15) is outlined in Scheme I and consists of the following steps: (i) preparation of the suitable protected nucleosides 1-5; (ii) synthesis of the partially-protected dimers, two of which have a free 3'-end (9 and 10) and one a free 5'-end (llb); (iii) phosphorylation of dimers 9 and 10 with the monofunctional ragent 7 and subsequent removal of the 2,2,2-trichloroethyl group to give the two dimers 12b and 13b; (iv) block-condensation of dimers 13b and llb in the presence of TPS, followed by mild alkaline treatment to afford the partially-protected tetramer 14b; (v) finally, block-condensation of dimer 12b and tetramer 14b in the presence of the new activating agent 8b results in the formation of the fully-protected hexamer 15a, Convenient synthetic methods for the preparation of correctly orientated and suitable protected ribonucleosides have been described in the 14-18 literature . In applying these methods two types of building blocks, i.e. terminal units 1 and 5 and non-terminal units 2-4 could easily be obtained. The terminal units, which are both protected by acid-labile groups, are destinated to become head and tail of the fully-protected hexamer. This choise of units prevents neighbouring group participation during 19 -epar7w A-p-C-p-ocH2CCI phosphorylating agent in a subsequent extraction step, was only partly successful; the formation of 5' +5' symmetrical products could not be prevented. Application of the modified phosphotriester method beyond the dimer stage completely eliminated the formation of symmetrical products. In our approach (Scheme I) the partially-protected dimer 9 (1.3 mmole) was reacted together with 2,2,2-trichloroethyl 2-chlorophenyl phosphorochloridate (7, 1.8 mmole) in acetonitrile solution, in the presence of 1-methylimidazole.
Work-up of the reaction mixture afforded the fully-protected dinucleoside diphosphate 12a in 75% yield. In the same way dimer 13a was prepared in 68% yield. Condensation of dimer 13b, obtained after Zinc treatment of 13a (see below), with dimer llb, in the presence of TPS, gave crude fully-protected tetramer 14a, which, by virtue of its method of preparation, was completely free from symmetrical products. The reagents commonly in use for the removal of the 2,2,2-trichloroethyl group, i.e. Cu/Zn-couple in dimethylformamide and Zinc in pyridine acetic acid, were unsuitable for our purpose. The former lacked reproducibility and the latter reduced to some extent the heterocyclic base of 4-N-p-anisoylcytidine. Moreover UV spectra were measured with a Cary C14 recording spectrophotometer.
1H-NMR spectra were measured at 100 MHz with a Jeol JNMPS 100 spectrometer; chemical shifts are given in ppm (6) relative to TMS as internal standard.
The high-pressure liquid chromatographic system used in this study has been described elsewhere ' . Isocratic elution of mononucleotides was To Zinc dust (150 g) in a 500 ml erlenmeijer flask was added concentrated sulphuric acid (150 ml). The mixture immediately became hot and concentrated nitric acid (2 ml) was carefully added with gentle shaking. After 3 min, the bulk of the sulphuric acid was decanted from the foaming mixture and ice (200 g) was carefully added to the residue. After 2 min, the boiling liquid was decanted and the residue washed, by addition and decantation, with water (3 x 250 ml) and ethanol (2 x 200 ml). Ethanol (150 ml) was added to the residue and the fine particles were obtained by vigorous stir-ring of the mixture and, after a few seconds, rapid decantation of the upper layer. This process was repeated three times. The collected fine particles were washed with absolute alcohol (3 x 50 ml) and sodium-dried cyclohexane (6 x A solution of TPS (30.3 g, 0.1 mole) in pyridine (100 ml) and water (20 ml) was allowed to stand at room temperature for 1 h and then evaporated to dryness. The residue was reevaporated with toluene (100 ml) and then partitioned between chloroform (150 ml) and 4 Preparation of the partially-protected dimer 9.
A mixture of 1 (1.26 g, 2 mmole), 2-chlorophenyl dihydrogen phosphate (0.427 g, 2.05 mmole) and TPS (1.21 g, 4 mmole) was dissolved in anhydrous pyridine (10 ml). After 4 h at 200 more TPS (0.60 g, 2 mmole) and 2 (1.03 g, 2.1 mmole) were added and, after a further 16 h, the reaction was quenched with ice and concentrated. A solution of the oil so obtained in chloroform (150 ml) was washed with 10% aqueous NaHCO3 (50 ml) and water (50 ml). The dried (MgSO4) organic layer was concentrated and triturated with petroleum ether (40-60°, 100 ml). A solution of the precipitate in chloroform-methanol (96:4 v/v, 10 ml) was applied to a column (20 cm x 14 cm ) of Kieselgel H (100 g), suspended in the same solvent. Elution of the column with the same solvent mixture and evaporation of the appropriate fractions gave a glass. A solution of the latter in chloroform (5 ml) was added dropwise, with stirring, to petroleum ether (40-600, 150 ml). The precipitate of 9 was filtered off and dried (KOH) in vacuo at 200; yield and analytical data are given in Table 1 .
Phosphorylation of 9 and 10 with 7.
To a cooled, ice-water bath, solution of 9 (1.68 g, 1.3 mmole) in acetonitrile (10 ml) and 1-methylimidazole (0.16 ml, 2 mmole) was added during 5 min a solution of phosphorochloridate 7 (0.65 g, 1.8 mmole) in acetonitrile (5 ml). The temperature of the reaction mixture was allowed to rise to 200. Aqueous phosphate buffer (1M, pH 6.5, 5 ml) was then added and the organic solvents were evaporated. The residue was partitioned between chloroform (100 ml) and water (50 ml) and the organic layer was dried (MgSO4), concentrated 0 and triturated with petroleum ether (40-60 , 50 ml). The solid was redissolved in chloroform and chromatographed over a column (18 cm x 8 cm ) of Kieselgel MN (50 g), suspended in chloroform. The desired product (12a) was eluted with chloroform-methanol (98:2 v/v) and was isolated by precipitation from petroleum ether as described above for the synthesis of 9. In the same way, the fully-protected dinucleoside diphosphate 13a was prepared. Relevant data are given in Table 1 .
Preparation of the partially-protected tetranucleoside triphosphate 14b.
Activated Zinc (ca. 15 mmole) was added to a magnetically stirred solution of 13a (1.96 g, 1.3 mmole) and TPSOH (84 mg, 0.3 mmole) in pyridine (15 ml) . The course of the reaction was followed by monitoring the evolvement of heat. After 45 sec the temperature of the reaction mixture raised sharply to ca. 400 and, after 3 min, the mixture was filtered to remove excess Zinc. T.l.c. (system A) of the filtrate showed complete conversion of 13a into base-line material (13b). The filtrate was diluted with chloroform (100 ml) and washed with aqueous 1M triethylammonium bicarbonate (TEAB, pH 7.5, 75 ml) and 0.01M TEAB (75 ml). The organic layer was evaporated to an oil and transferred to a small flask containing the partially-protected dinucleoside monophosphate llb (1.19 g, 1.1 mmole). The solution was dried by repeated coevaporation with anhydrous pyridine (3 x 10 ml). TPS (0.45 g, 1.5 mmole) was added to the final solution of the dimers in pyridine (6 ml) and the sealed reaction mixture was kept in the dark for 24 h. Work-up and chromatography as described above for the synthesis of 9 afforded the fully protected tetramer 14a as a homogeneous colourless solid; analytical data are given in Table 1 .
The above material (14a, 2.1 g) was dissolved in dry dioxan (20 ml and Rf values are given in Table 1. B. TPSNI as condensing agent.
In the final coupling step of 12b (0.5 mmole) and 14b (796 mg, 0.35 mmole) in pyridine (3;5 ml) TPS was substituted by TPSNI (227 mg, 0.6 mmole). T.l.c. (system A and B) after 48 h showed the reaction to be complete and the reaction mixture was worked up and purified as described under A; a second purification step, however, was not necessary. Analytical data are collected in Table 1 .
Deblocking of the fully-protected hexamer 15.
The fully-protected hexamer (374 mg, 0.1 mmole) was dissolved in dioxan (10 ml) and aqueous 25% ammonia (40 ml). The reaction vessel was sealed and 0 kept at 50 . After 24 h the solution was evaporated to an oil, which was redissolved in water (50 ml) and extracted with chloroform (3 x 50 ml) and ether (3 x 50 ml). The aqueous solution was analyzed by h.p.l.c. (Figure 2 ) and then evaporated down to a small volume and brought onto a column (14 cm x 5 cm2) of DEAE-Sephadex A25 (HCO3 form), suspended in 0.05M TEAB. The column was eluted with a linear gradient of 0.05M TEAB -+ 0.6M TEAB (500 ml of each). The elution profile is given in Figure 3 . Those fractions in the main peak which were found to be pure when analyzed by h.p.l.c. (gradient program I) were collected and evaporated down to dryness. The residue was coevaporated with water (2 x 100 ml) and finally dissolved in water (50 ml). Dowex 50W cation exchange resin (100-200 mesh, NH4 form, 20 g) was added to this solution. After 5 min the resin was filtered off and the filtrate was concentrated and lyophilized. The yield of the partially-protected hexanucleotide mthpAmthp-Cmthp-Cmthp-Umthp-Cmthp-Cmm , determined as the percentage of the total amount of nucleoside and nucleotide material eluted from the DEAE Sephadex column, was 85%; Rf 0.33 (system C) 0.65 (system D).
A small quantity (ca. 10 mg) of the material obtained above was dissolved in 0.01N HC1 (2 ml) and the pH was adjusted to 2.0 by the addition of 0.1N HC1. After 4 h at 200 the solution was neutralized with dilute ammonia and, after a further 5 min, lyophilized to give pure A-C-C-U-C-C in quantitative yield; Rf 0.22 (system E). Enzymic hydrolysis of A-C-C-U-C-C.
A-C-C-U-C-C (2 OD units) was incubated with Pancreatic Ribonuclease 18,300, 5,300, 9,100 and 6,600,
